INTRODUCTION {#hbm22526-sec-0001}
============

Major depressive disorder (MDD) is a debilitating illness characterized by depressed mood, anhedonia, anergia, feelings of guilt and helplessness, as well as sleep, appetite, and cognitive disturbances. Its debilitating impact on the lives of affected individuals stems from its persistent and recurrent nature. Several factors may contribute to the perpetuation of MDD, such as repeated exposure to negative life events and genetic vulnerability. Of particular interest among these factors is the cognitive framework in which individuals with MDD perceive and interact with the world. Cognitive and emotional processing appears to be biased in depressive states with selective processing of negative external stimuli, leading to internal milieu colored by negative self‐referential beliefs \[Hasler et al., [2004](#hbm22526-bib-0016){ref-type="ref"}\]. In individuals with MDD, this internal milieu appears to be maintained even in the absence of explicit environmental stimuli. How these phenomena are perpetuated by the brain is not well understood; however, functional neuroimaging offers potential insight into the neural mechanisms involved.

Functional neuroimaging allows us to examine the brain under two conditions: during a particular task or stimuli (task or stimuli‐dependent state) and during the absence of overt stimuli (resting state). Of these two conditions, resting state may offer greater insight into the neural mechanisms involved in perpetuating the negative internal milieu observed in MDD as spontaneous brain activity at rest may be involved in the internal processes underlying the representation of self separate from the environment. Recently, Northoff et al. \[[2011](#hbm22526-bib-0035){ref-type="ref"}\] proposed the "resting‐state hypothesis" of MDD based on an extensive resting‐state literature in MDD and pointed to the "neural predisposition" at rest as a fundamental mechanism in the pathophysiology of MDD. Furthermore, they suggested that an altered resting state led to disturbed rest‐stimulus interaction and subsequently altered task‐evoked responses \[Northoff et al., [2011](#hbm22526-bib-0035){ref-type="ref"}\].

Multiple brain regions implicated in self‐referential processing and cognitive/emotional processing are of great interest in the study of MDD. Regions in the medial prefrontal cortex (mPFC) are believed to be the neural correlate of self‐referential processing. As the anterior node of the default mode network (DMN), the mPFC region is highly active at rest but has suppressed activity during cognitive and emotional processing. Converging evidence suggests the involvement of altered mPFC functional connectivity in the development of MDD \[Greicius et al., [2007](#hbm22526-bib-0012){ref-type="ref"}; Lui et al., [2011](#hbm22526-bib-0026){ref-type="ref"}\]. Furthermore, an altered resting state in MDD could adversely affect activity during cognitive/emotional regulation, particularly in the dorsal PFC (dPFC). Thus, dPFC regions are also implicated in the perpetuation of negative self‐referential states.

Current understanding of resting‐state brain activity in MDD relies primarily on positron emission tomography (PET) and single photon emission computed tomography studies. These studies have shown metabolic abnormalities in multiple brain regions of the frontal‐limbic system in MDD, although there are inconsistent findings regarding the direction of these abnormalities. These inconsistencies are thought to be in part due to variations in patient selection criteria, depressive states, and treatment history \[Seminowicz et al., [2004](#hbm22526-bib-0043){ref-type="ref"}\].

In recent years, functional magnetic resonance imaging (fMRI) has opened new avenues of understanding the resting‐state neuropathophysiology in MDD. fMRI allows examination of fluctuations in blood oxygenation level dependent (BOLD) signals, and its advantages for studying resting states include minimally invasive procedures and refined temporal and spatial resolution \[Greicius et al., [2007](#hbm22526-bib-0012){ref-type="ref"}\]. Recent resting‐state fMRI studies are largely comprised of functional connectivity analyses, which examine the inter‐regional temporal correlation between predefined seed regions and related functional regions. An alternative analysis approach is to examine low frequency fluctuations (LFF) in this disorder. LFF in resting‐state fMRI encode physiologically meaningful indicators of intrinsic brain function in the absence of explicit input \[Zhou et al., [2010](#hbm22526-bib-0053){ref-type="ref"}\]. In particular, the amplitude of LFF (ALFF) is thought to reflect the intensity of spontaneous neural activity at rest. ALFF has been used as a reliable and sensitive measure in the study of both healthy and clinical populations, including studies of individuals with attention‐deficit/hyperactivity disorder, schizophrenia, and post‐traumatic stress disorder \[Huang et al., [2010](#hbm22526-bib-0018){ref-type="ref"}; Yang et al., [2007](#hbm22526-bib-0049){ref-type="ref"}; Yu‐Feng et al., [2007](#hbm22526-bib-0050){ref-type="ref"}\]. However, we are not aware of any prior studies using this method to examine resting‐state abnormalities in treatment‐naïve MDD patients.

In this study, we examined differences in resting‐state activity as measured by ALFF in treatment‐naïve MDD subjects compared to healthy control (HC) subjects. We hypothesized that MDD subjects would have altered resting‐state activity in brain regions subserving self‐referential processing and cognitive/emotional regulation.

MATERIALS AND METHODS {#hbm22526-sec-0002}
=====================

Subjects {#hbm22526-sec-0003}
--------

Thirty treatment‐naïve MDD subjects (13 males, 17 females), with mean age 29.8 ± SD 8.9 years), were recruited from the outpatient clinics at the Department of Psychiatry, First Affiliated Hospital of China Medical University and the Mental Health Center of Shenyang. MDD subjects were independently evaluated by two trained psychiatrists using the Structured Clinical Interview for DSM‐IV Disorders (SCID) and met the following inclusion criteria: (1) fulfilled DSM‐IV criteria for MDD, (2) did not have comorbid Axis I diagnosis, (3) had a score of at least 24 on the 17‐item Hamilton Depression Rating Scale (HDRS‐17), and (4) did not have a history of psychopharmacotherapy, electroconvulsive therapy, or psychotherapy. The mean years of education were 13.1 ± SD 3.2, the mean duration of illness was 13.3 ± SD 15.4 months, and the mean HDRS‐17 score was 28.5 ± SD 5.1.

Thirty HC subjects (15 males, 15 females), with mean age 30.1 ± SD 8.4 years and mean years of education 14.3 ± SD 2.7, were recruited from the community of Shenyang, China via advertisements. The absence of DSM‐IV Axis I disorders in HC subjects was independently confirmed by two psychiatrists using the SCID. Individuals with a history of DSM‐IV Axis I disorders in their first‐degree relatives were excluded.

For all subjects, individuals were excluded for any contraindications for MRI, such as history of head injury, neurological disorders, or concomitant medical disorders. All subjects were right‐handed, scanned within 24 h of initial contact, and rated on the HDRS‐17 at the time of scanning. The participants provided written informed consent after detailed description of the study as approved by the Institutional Review Board of the China Medical University.

MRI Data Acquisition {#hbm22526-sec-0004}
--------------------

fMRI data was acquired using a 3‐T GE MR scanner (General Electric, Milwaukee, USA) at the First Affiliated Hospital of China Medical University with a spin echo planar imaging (EPI) sequence, parallel to the anterior--posterior commissure plane, using the following scan parameters: repetition time = 2,000 ms; echo time = 40 ms; image matrix = 64 × 64; field of view = 24 × 24 cm^2^; 35 contiguous slices of 3 mm and without gap; scan time 6 min and 40 s. Head motion was minimized with restraining foam pads. A standard head coil was used for radiofrequency transmission and reception of the nuclear magnetic resonance signal. Subjects were asked to keep their eyes closed, remain awake, and keep their mind blank during scanning.

fMRI Image Processing {#hbm22526-sec-0005}
---------------------

Resting‐state fMRI data preprocessing was carried out by using Data Processing Assistant for Resting‐State fMRI (DPARSF, V2.0_101025, <http://www.restfmri.net>), which was based on SPM 8 (<http://www.fil.ion.ucl.ac.uk/spm/software/spm8>) and the Resting State fMRI Data Analysis Toolkit (REST, V1.5_101101, <http://www.restfmri.net>). Ten volumes were discarded to allow for steady‐state magnetization. Further data preprocessing included slice timing correction, head motion correction, spatial normalization, and smoothing. Spatial normalization was performed by using the standard EPI template from the Montreal Neurological Institute (MNI). Spatial smoothing was done with a 4‐mm full‐width half‐maximum Gaussian filter. Then, linear detrending and temporal bandpass (0.01--0.08 Hz) filtering were performed to remove low‐frequency drifts and physiological high‐frequency noise \[Cordes et al., [2001](#hbm22526-bib-0003){ref-type="ref"}\].

ALFF Calculation {#hbm22526-sec-0006}
----------------

ALFF was calculated using REST software. Briefly, for a given voxel, the time series was first converted to the frequency domain using a Fast Fourier Transform. The square root of the power spectrum was computed and then averaged across a predefined frequency interval. This averaged square root was termed the ALFF at the given voxel \[Zang et al., [2007](#hbm22526-bib-0051){ref-type="ref"}\]. ALFF measures the absolute strength or intensity of spontaneous low frequency oscillations (typically 0.01--0.1 Hz). Under the studied frequency ranges, ALFF at each voxel was computed for each subject, and it was further divided by the global mean value to reduce the global effects of variability across participants \[Zang et al., [2007](#hbm22526-bib-0051){ref-type="ref"}\].

Statistical Analyses {#hbm22526-sec-0007}
--------------------

Independent‐sample t tests and *χ* ^2^ tests were used to compare demographic data between the MDD and HC groups with SPSS 13.0 software (SPSS, Chicago, IL). Voxel‐based two‐sample (MDD vs. HC) *t*‐tests were performed in SPM5 to assess group differences in ALFF. A gray matter mask was created in SPM5 template with a probability higher than 0.2 to confine the analyses to gray matter. Findings were considered statistically significant at a significance level of *P* \< 0.05 (corrected for multiple comparisons) by combining individual voxel *P* value \< 0.005 with cluster size \> 324 mm^3^ (12 voxels) based on Monte Carlo simulations \[Ledberg et al., [1998](#hbm22526-bib-0024){ref-type="ref"}\]. Additionally, potential correlations in MDD participants between the ALFF measures and HDRS scores were examined in regions with significant differences between the HC and MDD groups.

RESULTS {#hbm22526-sec-0008}
=======

Voxel‐based analysis showed clusters with significantly increased ALFF in the bilateral ventral/dorsal anterior cingulate cortex (dACC), orbitofrontal cortex, premotor cortex, ventral prefrontal cortex, left dorsal lateral frontal cortex, left superior frontal cortex, left insular cortex, left inferior parietal cortex, left caudate nucleus, right anterior entorhinal cortex, and right putamen in the MDD group when compared with HC group (see Table [1](#hbm22526-tbl-0001){ref-type="table"}, Fig. [1](#hbm22526-fig-0001){ref-type="fig"}). Significantly decreased ALFF was found in the bilateral occipital cortex, cerebellum, and right superior temporal cortex in the MDD subjects (see Table [2](#hbm22526-tbl-0002){ref-type="table"}, Fig. [2](#hbm22526-fig-0002){ref-type="fig"}). After controlling for the effect of head motion and white matter and cerebrospinal fluid signals, the overall patterns of between‐group differences were preserved, except for differences in the left hippocampus becoming significant and those in the left insular losing significance in the MDD \> HC comparison (see Supporting Information Figs. S1 and S2). Additional exploratory analysis did not yield significant correlations of HDRS scores and ALFF measures in the MDD participants (*P* \> 0.05).

###### 

Areas of increased amplitude of low frequency fluctuation in subjects with major depressive disorder compared to healthy controls

                                                             MNI coordinates                
  ---------------------------------------------------- ----- ----------------- ------ ----- ------
  Left dorsal lateral frontal cortex (BA9)             68    −36               48     33    5.33
  −27                                                  48    24                3.12         
  Right premotor cortex (BA6)                          80    12                3      57    4.66
  15                                                   9     63                4.19         
  12                                                   15    57                3.47         
  Right dorsal anterior cingulate cortex (BA32)        57    9                 45     27    4.39
  21                                                   51    9                 4.16         
  12                                                   57    18                3.47         
  Bilateral ventral anterior cingulate cortex (BA25)   18    −9                0      −18   4.27
  −12                                                  12    −18               3.06         
  Left dorsal anterior cingulate cortex (BA32)         32    −12               48     30    4.13
  −15                                                  45    18                3.94         
  −15                                                  33    21                3.52         
  Right premotor cortex (BA6)                          13    24                21     60    4.12
  Right putamen                                        30    21                6      9     4.04
  27                                                   12    6                 3.29         
  30                                                   3     0                 2.97         
  Left caudate                                         30    −15               21     12    3.95
  Left premotor cortex (BA6)                           14    −24               18     66    3.84
  Left insular                                         24    −27               27     9     3.77
  −39                                                  24    0                 2.95         
  Right orbitofrontal cortex (BA11)                    18    21                21     −6    3.67
  Left orbitofrontal cortex (BA47, 10)                 20    −33               30     −18   3.60
  −36                                                  42    −12               3.06         
  Left superior frontal cortex (BA6)                   21    −51               0      6     3.48
  −45                                                  6     6                 2.99         
  −51                                                  9     0                 2.89         
  Right anterior entorhinal cortex (BA34)              27    27                9      −15   3.43
  18                                                   12    −18               3.21         
  Left inferior parietal cortex (BA40)                 16    −51               −36    24    3.35
  −63                                                  −39   21                2.91         
  Right ventral prefrontal cortex (BA47)               13    51                42     −6    3.31
  51                                                   36    −12               2.69         
  Left ventral prefrontal cortex (BA10)                12    −24               66     −6    3.24
  Left insular                                         37    −36               12     12    3.17
  Left caudate                                               −12               21     0     3.11
  −30                                                  9     6                 3.06         

![Axial brain slices showing regions of significantly increased amplitude of low frequency fluctuation in the major depressive disorder group when compared with the healthy control group, including the orbitofrontal cortex, ventral/dorsal anterior cingulate cortex, dorsal lateral frontal cortex, premotor cortex, anterior entorhinal cortex, insular cortex, and caudate nucleus. Clusters are shown after controlling for multiple comparisons (*P* \< 0.05). The color bar represents the range of *T* values. R = right.](HBM-35-4979-g001){#hbm22526-fig-0001}

###### 

Areas of reduced amplitude of low frequency fluctuation in subjects with major depressive disorder compared to healthy controls

                                                MNI coordinates                
  --------------------------------------- ----- ----------------- ------ ----- ------
  Right cerebellum                        919   27                −60    −27   5.16
  12                                      −75   −15               4.73         
  36                                      −57   −33               4.64         
  Left cerebellum                         33    −18               −42    −30   4.15
  −27                                     −42   −30               3.04         
  Right occipital cortex (BA19)           34    42                −66    3     3.94
  42                                      −75   0                 3.07         
  48                                      −57   0                 2.90         
  Right superior temporal cortex (BA22)   24    57                −24    12    3.87
  Left cerebellum                         54    −21               −75    −27   3.84
  −24                                     −87   −24               3.54         
  Left occipital cortex (BA19)            21    −48               −78    6     3.74
  −39                                     −78   6                 3.07         
  Right occipital cortex (BA18)           29    24                −93    6     3.61
  18                                      −96   15                3.39         
  Right occipital cortex (BA19)           27    6                 −81    33    3.54
  12                                      −69   27                3.27         
  Left cerebellum                         18    −30               −63    −33   3.51

![Sagittal brain slices showing regions of significantly decreased amplitude of low frequency fluctuation in the major depressive disorder group when compared with the healthy control group, including the occipital cortex, superior temporal cortex, and cerebellum. Clusters are shown after controlling for multiple comparisons (*P* \< 0.05). The color bar represents the range of *T* values.](HBM-35-4979-g002){#hbm22526-fig-0002}

DISCUSSION {#hbm22526-sec-0009}
==========

In this study, we adopted a novel strategy to map resting‐state functional topology based on the magnitude of spontaneous neural activity in MDD. Using measures of ALFF, we found altered brain activity in MDD subjects in several clusters within the brain that included the medial PFC, dPFC, basal ganglia, occipital lobe, and cerebellum. Interestingly, there was a distinctive regional pattern in altered resting activity in MDD: increased ALFF primarily in the forebrain while decreased ALFF in posterior brain regions.

Increased ALFF {#hbm22526-sec-0010}
--------------

We found significantly increased ALFF in the mPFC, dACC, dorsolateral prefrontal cortex (DLPFC), and basal ganglia. Extensive evidence implicates the role of the mPFC (BA6, 9, 10) in self‐referential processing. BA9 and 10 have long been thought to be involved in the generation of self‐referential processing \[Gusnard et al., [2001](#hbm22526-bib-0013){ref-type="ref"}; McKiernan et al., [2003](#hbm22526-bib-0033){ref-type="ref"}\]. With decreased cognitive demand, BA 6, 9, and 10 have increased activity concurrent with a rise in stimulus‐independent thought. Activations in these regions have been positively correlated with the frequency of mind‐wandering \[Mason et al., [2007](#hbm22526-bib-0028){ref-type="ref"}\]. We speculate that the overactive resting‐state mPFC can be related to exaggerated self‐referential bias in MDD that is hallmarked by chronic self‐focus and negative rumination \[Sheline et al., [2001](#hbm22526-bib-0044){ref-type="ref"}\].

Our findings of increased ALFF in the dACC and DLPFC are of particular interest. Both the ACC and DLPFC are two central components in cognitive control systems involved in detecting incongruence between expectations and outcomes during decision‐making processes \[Vincent et al., [2008](#hbm22526-bib-0046){ref-type="ref"}\]. Studies have found altered activity in both ventral and dorsal subregions of ACC in MDD \[Davidson et al., [2002](#hbm22526-bib-0005){ref-type="ref"}; Mayberg, [2003](#hbm22526-bib-0029){ref-type="ref"}; Mayberg et al., [1997](#hbm22526-bib-0030){ref-type="ref"}\]. Altered ALFF was primarily found in the dACC in this study. The dACC, as opposed to the ventral ACC, is interconnected with the supplementary motor cortex and DLPFC to form a dorsal attention system \[Devinsky et al., [1995](#hbm22526-bib-0006){ref-type="ref"}\]. It subserves on‐line performance supervision and sends signals to the DLPFC to initiate attentional adjustments based on conflict paradigms \[Kerns et al., [2004](#hbm22526-bib-0021){ref-type="ref"}\]. Therefore, we speculate that increased resting activity in the dACC may underlie the phenomenon of amplified error detection coupled with failure to evoke cognition control seen in MDD. Increased resting activity in the rostral/ventral ACC has been reported in MDD \[Davidson et al., [2002](#hbm22526-bib-0005){ref-type="ref"}; Mayberg, [2003](#hbm22526-bib-0029){ref-type="ref"}; Mayberg et al., [1997](#hbm22526-bib-0030){ref-type="ref"}; Pizzagalli et al., [2001](#hbm22526-bib-0037){ref-type="ref"}\]. Basal metabolism and activity in rostral ACC demonstrated by PET and electromagnetic tomography have been suggested to predict treatment outcomes in MDD \[Mayberg et al., [1997](#hbm22526-bib-0030){ref-type="ref"}; Pizzagalli et al., [2001](#hbm22526-bib-0037){ref-type="ref"}\]. The treatment‐naïve feature of our study sample may have contributed to the lack of findings of resting‐state abnormalities in the rostral ACC in this study.

As previously mentioned, the DLPFC plays an important role in cognitive control of perception and decision‐making. Typically, the interplay between resting‐state and task‐related activity determines how well the brain attends to and processes ongoing salient environmental stimuli. With altered tonic activity, the DLPFC is more likely to be insufficiently activated for top--down regulation of stimulus‐bound processing. Previous studies have demonstrated attenuated activity in both the DLPFC and dACC during performing various cognitive tasks in MDD \[Elliott et al., [1997](#hbm22526-bib-0007){ref-type="ref"}; Halari et al., [2009](#hbm22526-bib-0014){ref-type="ref"}; Okada et al., [2003](#hbm22526-bib-0036){ref-type="ref"}\]. Failure to monitor performance and make rapid adjustments based on external feedback can result in suboptimal decision‐making, repeated behavioral failures, persistent feelings of frustration, and thus perpetuation and persistence of depressed affect \[Pizzagalli, [2011](#hbm22526-bib-0038){ref-type="ref"}\]. We speculate deficits in cognitive resource allocation to external stimuli can perpetuate depressive internal thoughts and suppress attempts for appropriate top--down regulation. Even in the context of overall decrease in DLPFC activation during goal‐directed behavior, stimuli for self‐referential processing were able to preferentially activate the DLPFC to process with a negative bias, reinforcing hard‐wired depressive thinking, and cognitive appraisal \[Kerestes et al., [2012](#hbm22526-bib-0020){ref-type="ref"}; Lemogne et al., [2009](#hbm22526-bib-0025){ref-type="ref"}\].

External tasks have been shown to effectively suppress ruminative thoughts in individuals with MDD and improve their performance in subsequent cognitive tasks by redistributing cognitive resources to diminish intrinsic maladaptive thinking \[Watkins and Brown, [2002](#hbm22526-bib-0047){ref-type="ref"}\]. However, abnormalities within the mPFC, dACC, and DLPFC and compromised interactions among these neural nodes are speculated to hinder the processing of external "distraction" tasks and therefore to constitute a vicious cycle in the maintenance of clinical manifestations of MDD. Recorded event‐related potentials have shown that ACC activation failed to predict subsequent DLPFC activation in the Stroop task in individuals with MDD, indicating exaggerated error negativity and lack of recruitment of cognitive control from the DLPFC in MDD \[Holmes and Pizzagalli, [2008](#hbm22526-bib-0017){ref-type="ref"}\].

The caudate nucleus is functionally connected with the DMN via dopaminergic projections \[Robinson et al., [2012](#hbm22526-bib-0039){ref-type="ref"}\]. Dopaminergic modulation of the interaction between the caudate and DMN, including the mPFC, has been demonstrated, suggesting that striatal dopamine circuits may be involved in modulating the DMN to establish balance between processing of external stimuli and internal, self‐directed processing \[Kelly et al., [2009](#hbm22526-bib-0019){ref-type="ref"}; Robinson et al., [2012](#hbm22526-bib-0039){ref-type="ref"}\].

Decreased ALFF {#hbm22526-sec-0011}
--------------

We found significantly decreased ALFF in the occipital cortex (BA18 and 19) and cerebellum in MDD subjects. There has been evidence in the occipital cortex of elevated glutamate concentrations together with reduced gamma‐aminobutyric acid concentrations in MDD \[Sanacora et al., [2004](#hbm22526-bib-0040){ref-type="ref"}\]. Further insight regarding occipital involvement in MDD is still quite limited. In contrast, there is growing awareness of the role of the cerebellum in emotional and cognitive function. The traditional role of the cerebellum as a motor control center has been revised to encompass its involvement in more complex higher order cognitive and emotional functions. Lesions in the cerebellum have shown disruptions in multiple domains of cognitive and affective control in the cerebellar cognitive affective syndrome \[Schmahmann and Pandya, [1997](#hbm22526-bib-0042){ref-type="ref"}\]. Cerebellar abnormality, at both the anatomical and functional level, is a common manifestation across various psychiatric disorders \[Villanueva, [2012](#hbm22526-bib-0045){ref-type="ref"}; Womer et al., [2009](#hbm22526-bib-0048){ref-type="ref"}\]. The cerebellum receives projections from the ventral tegmental area, ACC and cerebral input directly or via the thalamus relay \[Schmahmann, [2001](#hbm22526-bib-0041){ref-type="ref"}\]. Functionally parallel pathways between the cerebellum and anterior, dorsolateral, and medial prefrontal seeds have been previously shown \[Krienen and Buckner, [2009](#hbm22526-bib-0023){ref-type="ref"}\]. In studies of MDD, seed regions in the cerebellum showed reduced connectivity with the ventromedial prefrontal cortex, which was crucial in the modulation of emotional processing \[Alalade et al., [2011](#hbm22526-bib-0001){ref-type="ref"}\]. A meta‐analysis identified decreased cerebellar activity to emotionally laden stimuli as a characteristic of MDD \[Fitzgerald et al., [2008](#hbm22526-bib-0009){ref-type="ref"}\]. Information circulated between the cortex and cerebellum, which relies on feed‐forward and feedback connections within the cerebello‐thalamo‐cortical circuit, mediates the refinement of behavioral adjustments \[Koziol et al., [2010](#hbm22526-bib-0022){ref-type="ref"}\]. In this sense, decreased cerebellar ALFF in MDD may indicate suppressed capability to perform proper adjustments of the internal milieu in response to environmental demands as the consequence of disruptions in the cerebro‐cerebellar interaction in MDD. Additionally, decreased ALFF in the occipital cortex and cerebellum in MDD may reflect the effects of PFC abnormalities, mediated by the compromised cross‐talk between anterior and posterior brain regions.

Exploratory Correlation Analysis {#hbm22526-sec-0012}
--------------------------------

We did not find significant correlations between ALFF in regions with between‐group differences and HDRS‐17 ratings. Recent evidence has demonstrated robust associations of resting‐state brain activity and measures of ruminative tendency, primarily the Ruminative Responses Scale, but not the HDRS‐17 \[Berman et al., [2011](#hbm22526-bib-0002){ref-type="ref"}; Hamilton et al., [2011](#hbm22526-bib-0015){ref-type="ref"}\]. Nonspecificity of the HDRS‐17 in evaluation of rumination could in part account for the insignificant correlations found herein. Furthermore, the MDD subjects in the present study scored higher than 24 on the HDRS‐17 due to our stringent inclusion criteria to ensure depressed mood state in the MDD subjects at the time of scanning. The limited range and variability in HDRS scores may have limited the statistical power to detect significant correlations. Alternatively, the lack of correlation between ALFF and HDRS scores may imply that ALFF abnormalities are stable traits in MDD that are independent of symptom severity.

The Relation Between ALFF and Conventional Connectivity‐Based Approach {#hbm22526-sec-0013}
----------------------------------------------------------------------

Conventional connectivity methods are devoted mainly to the spatial coherence of resting‐state brain activity in a set of closely related regions. At the heart of connectivity methods is a particular emphasis on the global integration of neural network by means of indicators reflecting inter‐regional co‐fluctuations. Hierarchical organization of neural activity is theorized to function in accordance to two key principles: segregation and integration \[Zeki and Shipp, [1988](#hbm22526-bib-0052){ref-type="ref"}\]. However, the development of available analytical tools for resting‐state fMRI data primarily examines integration‐related connectivity measures. The other aspect of brain\'s functional integrity, the functional segregation or regional specialization, is largely overlooked. This methodological void is a consequence of challenges to reliably quantify intrinsic brain activity in the absence of exogenous stimuli \[Zhou et al., [2010](#hbm22526-bib-0053){ref-type="ref"}\]. The introduction of ALFF provides a novel method to bridge gaps in our understanding of the brain\'s resting state by measuring the amplitude of intra‐regional brain activity at rest. Hence, ALFF analysis extends and enriches the current understanding of MDD, which primarily stems from connectivity analyses that examine global functional integration within the brain.

To enhance interpretation of the ALFF results in the context of mainstream connectivity approach, we have conducted an exploratory connectivity analysis, focusing on the regions in which MDD patients showed altered ALFF compared with the HC subjects (as reported in the Supporting Information). Interestingly, at *P* ~uncorrected~ \< 0.05, regions with increased activation amplitude (i.e., ALFF) in the resting state tended to be more functionally connected with each other in the MDD group, whereas regions with decreased amplitude were less functionally connected (Supporting Information Fig. S3). Because of the explorative nature, the correspondence between ALFF and functional connectivity was most pronounced at a subthreshold level in our analyses. This combined approach, however, highlights the importance of applying a multilevel marker in characterizing brain dysfunctions \[Dai et al., [2012](#hbm22526-bib-0004){ref-type="ref"}\]. The reason that ALFF appears to be more sensitive as compared with connectivity index is not well understood. One possible account is that regional alterations could progressively deteriorate into dysfunctions at network level with the development of MDD. Future studies with longitudinal imaging will provide important clues to the question of whether connectivity abnormalities in MDD are secondary to ALFF changes.

The ALFF findings herein support the important role of the dACC and mPFC in MDD. The exploratory functional connectivity analyses suggest that these regions with disproportionately high activation may co‐fluctuate at rest and form a highly connected community (i.e., a module in the brain\'s functional architecture). The mPFC‐centered module has long been suspected to be the neural basis of self‐referential mental activity in MDD. Additionally, our analyses also indicate the involvement of posterior brain regions in MDD with findings of decreased ALFF in the occipital cortex and cerebellum and possibly weakened connectivity between these regions. We postulate that disrupted activation in each individual region can hinder their mutual communication, conceivably leading to a gradual disintegration in the posterior module spanning the cerebellum and occipital cortex. Furthermore, the interaction between region‐specific changes in activation amplitude and functional connectivity of the frontal and posterior areas could contribute to trait‐based features of MDD, such as internally generated negative schemata. However, further studies are needed to clarify the implications of combined ALFF and functional connectivity alterations in MDD. The significance of the convergence between these two approaches, if confirmed by future studies, goes beyond simple replication; it would allow closer examination of the characteristic brain activation in MDD from a systematic perspective by combining intensity and spatial scale.

Limitations and Future Prospects {#hbm22526-sec-0014}
--------------------------------

There are also some limitations in this study. First, generalizations from our findings should be made with caution because our findings are based on a population of treatment‐naive MDD individuals with relatively high HDRS‐17 ratings. Future studies with more participants, especially including asymptomatic MDD subjects, who are euthymic or remitted, are needed to clarify whether the altered resting‐state ALFF is indeed one biological trait of MDD and to further develop the neurobiological model of MDD we describe herein. Second, analysis of resting‐state fMRI data can be sensitive to motion and physiological artifacts; our main findings, however, are maintained after adjustment for these possible confounding factors. Still, the presence of hippocampus in the additional analysis, especially given other evidence for its neurobiological role in MDD, warrants further study. Third, the loci where ALFF differed between MDD and HC participants were located in gray matter, with certain clusters straddling the boundary of gray‐white matter. It is possibly due to the mask threshold (*P* \> 0.2) and BOLD signals in white matter. A body of recent evidence has suggested that white matter BOLD activation, once considered as artifacts and noise, turns out to be a stable result and has its own neuropsychological implications \[Fabri et al., [2011](#hbm22526-bib-0008){ref-type="ref"}; Gawryluk et al., [2011a](#hbm22526-bib-0010){ref-type="ref"},b; Makedonov et al., [2013](#hbm22526-bib-0027){ref-type="ref"}; Mazerolle et al., [2010](#hbm22526-bib-0031){ref-type="ref"}, [2013](#hbm22526-bib-0032){ref-type="ref"}; McWhinney et al., [2012](#hbm22526-bib-0034){ref-type="ref"}\]. Future studies are required to address the common biological bases of gray/white matter dysfunctions and distinctive roles in producing depressive mood. Fourth, it is difficult to determine from this study whether the resting‐state abnormalities represent pre‐existing susceptibility versus consequences of the disorder. Altered resting‐state function may manifest even at early stages of MDD; study in youths at risk and at first onset may provide important insights into the development of the ALFF abnormalities observed.

CONCLUSIONS {#hbm22526-sec-0015}
===========

To summarize, we observed altered patterns of brain activity in MDD at rest, with increased ALFF mainly in the PFC and basal ganglia and decreased ALFF in the occipital lobe and cerebellum. In particular, the recurrent tendency to ruminate and the deficiency of effective cognitive control in MDD are potentially related to a concerted mechanism through distinct regional alterations of resting‐state activity in the mPFC, DLPFC, and cerebellum. Our findings of abnormal resting activity in a unique frontal‐posterior pattern, together with previous studies on task‐elicited activity, may enhance the understanding of the neurobiological underpinnings in MDD and identify potential key targets for treatment of this disorder.
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